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Safety During Regional Anesthesia
What Do We Know and How Can We Improve

Our Practice?

Dan Benhamou, MD,* Yves Auroy, MD, PhD,Þ and René Amalberti, MD, PhDþ

A lthough not all experts accept this thesis,1 most support the idea that mortality after general
anesthesia (GA) has significantly decreased within the last 20 years.2,3 Although the intuitive

response suggests that the safety of regional anesthesia (RA) has improved similarly, our knowledge is
much weaker. What is well established is that mortality associated with RA is less than with GA,
especially in certain populations such as obstetric patients,4 but it is less apparent if mortality
associated with RA has decreased over the years. Despite safety recommendations5 and the wide-
spread availability of capnography and pulse oximetry in the 1990s, outcome for neuraxial cardiac
arrest was not significantly different between the 1980s and 1990s claims in the US Closed Claims
database.6 It is also unclear if the rate of severe morbidity after RA has diminished in recent years.
Some investigators have noted that the incidence of serious complications of obstetric epidural
analgesia has not changed over a 17-year study period.7 In addition, it has been shown that the rate of
pregnancy-related neurological complications after epidural used for labor analgesia has not changed
substantially over the years.8 By contrast, the review by Ruppen et al9 of nearly 1.4 million epidurals
for obstetric anesthesia/analgesia suggests that adverse events were 4 times more frequent in studies
published before 1990 when compared with the more recent ones. We also have limited information to
suggest that the rate of peripheral nerve blockYrelated complications is decreasing over the years.

The article by Barrington et al10 in the NovemberYDecember 2009 issue of Regional Anesthesia
and Pain Medicine shows disappointingly that the incidence of neurological complications associated
with peripheral nerve blocks seems very similar to what has been obtained in previous studies. This is
surprising and disappointing because one might have expected that RA-associated neurological
complications should have decreased for several reasons. First, improved safety advances for both GA
and RA (eg, high-quality monitoring, postoperative surveillance, less toxic drugs, technical advances,
etc) have emerged over the last 20 years and were expected to have positive effects on RA-induced
morbidity and mortality. There has also been an increased use of peripheral nerve blocks everywhere
in the world, and given the usual relation between volume and better outcomes, improved practice
patterns and greater safety were expected. Data from large studies, however, do not support these
expectations. The Auroy et al11 study described cases collected in 1998Y1999, whereas the Capdevila
et al12 study performed in the early 2000 period reported complication rates that are similar to those
described by Barrington et al.10 In other words, no major change in RA-associated mortality and
morbidity can be seen over a 10-year time frame. Why does the rate of complications remain
unchanged? Is it only a Btechnical[ issue related to the statistical difficulty to detect subtle changes, or
is this a real plateau as suggested by the very wide confidence interval obtained in the study of
Barrington et al10 (95% confidence interval, 0.08Y1.1:1000)? Why do technical advances produce
such profound changes in the GA area and yet are apparently ineffective for improving safety in the
field of RA?

In the Barrington et al10 study, two thirds of blocks were performed using ultrasound guidance,
but the incidence of neurological complications was overall unchanged, and 2 of 3 neurological
complications occurred with ultrasound use. This has also been observed in another recent Australian
study in which the incidence of neurological complications occurring after 1000 ultrasound-guided
blocks was in the range of the usual frequency obtained with nonYultrasound-guided blocks.13 As
noted above, even with the already large numbers of patients included in these 2 studies, their power is
likely insufficient given the baseline low frequency of events. This might be of paramount importance
because most experts expect that the use of ultrasound will lead to a decrease in these complications.
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However, if one goes back to the introduction of nerve stim-
ulation in the early 1980s, there was (immoderate) enthusiasm as
to the benefits expected to occur with the use of this technique.
Unfortunately, the data do not demonstrate significant differ-
ences in neurological outcomes when nerve stimulation was
compared with the more traditional paresthesia technique.14

Compère et al15 in an article published in 2009 also found that
major complications after the use of continuous sciatic nerve
block performed using nerve stimulation are still not rare. The
incidence rates of severe neuropathy or infectious complica-
tions were, respectively, 5 in 1000 and 2.5 in 1000. It is thus
not the first time that we disappointingly discover that technical
advances associated with RA are not so easily associated with
improved outcomes.

The use of ultrasound guidance is also often believed to
protect against inadvertent intravenous injection. We and others
have nonetheless described cases of local anesthetic systemic
toxicity (LAST) in patients in whom the block was performed
using ultrasound,16,17 suggesting that this technique may not
completely protect against the occurrence of this complication.
In the article by Barrington et al,10 10 cases of systemic toxic-
ity were observed, and 5 of 10 occurred despite ultrasound be-
ing used. The observed incidence of intravenous injection in
ultrasound-guided blocks was slightly above 1 in 1000, which
does not compare favorably with the rate found by Mulroy18

for studies published after 1982 that report LAST after pe-
ripheral nerve blocks (ie, 0.75Y2.0/1000). Moreover, data in the
Barrington et al10 study can be interpreted as being the largest
series to date of systemic local anesthetic complications in pa-
tients undergoing ultrasound-guided blocks!

Reduction of the rate of complications related to intravas-
cular injection of local anesthetic might well improve in future
analyses. First, data presented by Barrington et al10 might re-
flect the learning curve of RA ultrasound techniques, and it is
likely that, with increasing skills, data will definitively show
improved safety. Improved efficiency seems indeed associated
with more precisely deposited local anesthetics. Casati et al19

demonstrated that ultrasound guidance provides a 42% reduc-
tion in the minimum effective anesthetic volume required to
block the femoral nerve as compared with the nerve stimula-
tion technique. Riazi et al20 also demonstrated that a 5-mL vol-
ume of 0.5 % ropivacaine produced a slightly slower onset of
interscalene blocks and more limited spread of the local anes-
thetic than 20 mL of the same solution but was associated with
similar pain scores and less hemidiaphragmatic impairment. A
very surprising recent article21 has moreover shown that when
performing an axillary plexus block, nerves can be blocked with
as little as 1 mL of local anesthetic each. If these results are
confirmed, then the risk of a toxic event after RA will likely
completely disappear or decrease by at least 1 order of magni-
tude. Apart from the likely improved precision obtained with
ultrasound, other recent technological changes may also de-
crease local anesthetic dosing and subsequent risk of LAST.
Paqueron et al22 indeed showed that using stimulating catheters
decreases the median effective volume to block the sciatic nerve
from 16.6 to 2.7 mL of ropivacaine, that is, a 6-times reduction
of volume.

Apart from these technological improvements, are there
other directions that should be suggested to continue toward
better safety when performing RA? When using the human
factors and system safety paradigm, we can view our work as
procedural steps through organizations as static layers and
compartments while safety is described through reporting sys-
tems, errors rates, audits, or quality systems.23 The report by
Barrington et al10 lies in this heritage and undoubtedly brings

some useful information. One major piece of information pro-
vided by this study is indeed related to the fact that follow-up
allowed the separation of RA-related complications from other
causes and demonstrated that the other causes were 9 times
more frequent. This observation could be placed in parallel with
studies performed in obstetrics,8 which also showed that RA is
often blamed but rarely responsible. Having demonstrated that
anesthesia per se is a rare cause of postoperative complications
may make anesthesiologists proud of what they have accom-
plished, but it is not enough and should not discourage them
from participating in the global action to improve patient safety.
Time-out before incision is an ideal moment for surgeons and
anesthesiologists to anticipate critical intraoperative and post-
operative events24 and to share concerns about actions that might
be associated with complications (positioning, tourniquet).

Another strength of the Barrington et al10 study is in the
description of a Web-based registry, which leads to the possibility
to collect and analyze large numbers of blocks. Holzmueller
et al25 have already implemented a similar Web-based registry
in the United States to collect a large number of errors in inten-
sive care units. It is clear that these registries have the potential
not only to improve our knowledge but also to build a culture of
safety and proactively monitor adverse events and outcomes. The
use of a Web-based system does not add very much in itself but
probably simplifies declaration and consequently might increase
the number of cases and/or the quality of data collected. We have
no doubt that our Australian colleagues will succeed in obtaining
excellent data.

It may be, however, that these strategies have limited po-
tential to carry us into the future. Regional anesthesia requires
specific skills and the use of devices of rapidly evolving tech-
nology, yet understanding what makes systems safe requires
more than simple knowledge of the human-machine interface
(ie, skills). A major advance in medical safety has been the
recent recognition that error is strongly affected by adverse
conditions of work and that a posteriori analysis can help to
avoid future complications by developing strategies for reduc-
ing errors.26 Production pressure and rapid change within an
organization are well recognized causes, and studies have shown
that human factors play a predominant role in the occurrence of
major complications (or death) today.2,27 However, anesthesia
is indeed an already safe system, and it is postulated that or-
ganizational failures in such a safe system are not always pre-
ceded by errors, but are instead preceded by normal work
and drifts into failure due to pressure of scarcity and compe-
tition.23 Human factors can precipitate the occurrence of an
adverse event, but they can also progressively erode the system
toward a more risky environment. Changes and drifts may occur
slowly and be subtle enough to remain invisible. Drifts may also
be encouraged by technical expertise, which sometimes leads to
physicians developing original and useful strategies, but may
also sometimes lead to deviation from guidelines and adoption
of unsafe practice. To stop these drifts, we must analyze how
physicians and other health care personnel behave and under-
stand the world in which they act. Besides the now traditional
strategy to improve safety, that is, incident reporting and audits
(even if using highly sophisticated and modern communica-
tion strategies such as the Barrington et al10 model of survey),
focus should move toward evaluation of normal practice to de-
tect where, how, and why deviations take place before any ad-
verse event has occurred.

Moving toward a greater safety culture can also reduce
the drift secondary to routinization and adaptation to pressure.
Auditing normal practice can not only help to better apply
treatments and restore health, but also emphasize gaps in safe
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practice that occur every day. Failure to cleanse hands before
clinical procedures is a common feature in anesthesia practice,
and noncompliance is facilitated by a high intensity of patient
care.28 Implementing a simple hand sanitation strategy can,
however, improve compliance and improve safety,29 demonstrat-
ing that simple strategies can be efficient.

Moving forward, improved safety after RA should also
include the patient. Informed consent, which aims to protect the
autonomous choice of the patient, is traditionally defined in
terms of 2 components: disclosure of information on a proce-
dure, leading to the patient’s understanding of this information,
and authorization by the patient to proceed with treatment.30

Disclosure includes information on the nature of a procedure,
potential risks and benefits, and alternative treatments. We now
have sufficient information on both outcome improvements as-
sociated with the use of perioperative RA and on risks associ-
ated with the technique. Why not share these data with the
patient to help him (or her) decide.
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